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CHAPTER!. GENERALINTRODUCTION 
Twelve to 20% of Iowa existed as deciduous hardwood forest at the time of 
settlement. Today only 6% remains [Van Der Linden and Farrar, 1993]. Reforestation of 
Iowa will increase wildlife habitat and aesthetic beauty. However, most land available for 
reforestation is currently in production agriculture and farmers are reluctant to plant cropland 
to trees, which require years to reach market value. Agroforestry is a system for farmers 
interested in planting trees while maintaining their croplands. Agroforestry is a term used to 
describe land-managed systems, which integrate tree planting with agricultural crops and/or 
animals. The goal of an agroforestry system is to diversify and sustain production while 
increasing environmental and economic benefits. The USDA National Agroforestry Center 
and the Association for Temperate Agroforestry have identified four key land-use practices 
that must be met for a system to be categorized as an agroforestry system: 1) A land-use 
system must be intentionally designed and managed for combinations of trees, crops and/or 
animals; 2) These land-use systems must include intensive management of components to 
maintain all protective and productive functions; 3) Management schemes must strive to 
utilize interactions among the components to promote production and environmental 
conservation; and 4) All components must be integrated to optimize production and resource 
conservation within the given land area. This integration is generally achieved through 
diversification of species utilizing the land. 
Agroforestry has historically been practiced in the United States. Native Americans 
selectively cleared trees for use in building and fuel wood [Kimmins, 1997]. Once selected 
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trees were cleared, fire was used to promote the growth of native berry shrubs in the forest 
openings. These shrubs were used for food, as well as an animal refuge to aid in hunting. 
European Americans introduced silvopastoral agroforestry into the United States. 
When forest areas were selectively harvested for lumber, light from these openings 
stimulated new herbaceous vegetative growth for the grazing of domesticated animals. As 
the United States evolved from a hunting/gathering society into a farming society, woodlots 
became an essential component of a farm. The woodlots provided a refuge for wildlife and 
hunting, as well as timber needed for buildings and fuel. Since 1950, there has been a steady 
decrease in woodlots on farms. This decrease is associated with increased farming on 
marginal lands, combined with an increase in overall residential growth and urban industrial 
growth [Kimmins, 1997]. 
World wood demand increased to 4. 7 billion m3 in 1992. Ninety percent of this 
demand was met through the harvest of native forests. By 2025, it is estimated that world 
wood demand will have grown to 6.6 billion m3, while harvestable timber area will have 
decreased [Kimmins, 1997]. This increase in wood demand has created an opportunity for 
farmers to diversify their profits by planting trees on their farmland. Farmers perceive tree 
establishment as the critical limitation to successful tree farming in the U.S. Intense weed 
competition during the initial two to three years of tree growth can severely hinder survival 
and growth rates. Weed control measures, such as mulching, herbicides, and mowing, are 
effective but can be costly and time consuming. Additionally, trees require years of growth 
before reaching market value. 
In order to encourage the re-integration of trees into the farm landscape, a 
combination of crops and trees in an alley-cropped agroforestry system has been proposed as 
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an intermediate solution. In an alley-cropped system, trees are planted at wide spacings with 
crops situated in the alleyways. Alley cropping allows a farmer to plant an annual crop in the 
alleyways for a quick return, as tree crops mature. Trees add diversity to a monoculture crop 
environment, and help reduce water run-off and soil erosion [Lundgren and Nair, 1985]. 
The purpose of this thesis research was to evaluate the effectiveness of an alley 
cropping system in terms of crop and tree performance. Seven weed control treatments were 
evaluated for effects on tree survival and growth. Two types of propagative material, tree 
seeds and seedlings, were evaluated. The influence of trees on small grain/forage crop 
combinations in the alleyways was also evaluated. 
This thesis contains a general introduction and literature review on agroforestry 
systems and forage-based alley cropping in chapters 1 and 2, followed by Chapter 3 
describing the materials and methods used in the research. Chapter 4 includes the results and 
discussions of the study, and chapter 5 contains general conclusions. 
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CHAPTER 2. LITERATURE REVIEW 
Agro forestry 
Agroforestry is a collective term for land-management systems, which integrate tree 
planting with agricultural crops and/or animals. The various plant and/or animal 
components comprising agroforestry systems are arranged spatially or temporally and 
provide both ecological and economic interactions [Lundgren and Nair, 1985]. The goal of 
agroforestry is to optimize the positive interactions among the components and maintain 
sustainable production of natural resources, particularly land [Lundgren and Nair, 1985]. 
Agroforestry systems are polycultures in which diverse plants may compete for site 
resources. However, these systems are more likely to facilitate mutual growth [Hunter and 
Aarssen, 1988]. If facilitation exceeds competition in a polyculture, then polycultures are 
expected to out-yield monocultures [Horwith, 1985]. 
Numerous agroforestry studies have focused on the tropical regions of the world 
where agroforestry systems are prevalent. Tropical soils consist of a reduced organic layer, 
which creates challenges for agronomic crop production. Trees used in agroforestry systems 
can add soil nutrients through N-fixation and build-up of organic matter, which also aids in 
combating erosion and desertification. Generally, agroforestry systems use nitrogen-fixing 
trees to restore and maintain soil fertility and stabilize the agroecosystem [Danso et al., 1992; 
Maghembe et al., 1986]. If proper tree spacing is used, agroforestry systems also have the 
potential to reduce soil erosion and increase crop yields [Lundgren and Nair, 1985]. Results 
of agroforestry studies in Nigeria suggest that agroforestry and intercropping practices have 
the potential to improve soil structure and water infiltration rates. Changes in landscape 
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structure through agroforestry practices have led to increased land productivity [Adderley et 
al., 1997]. 
Several studies, similar to Tonye and Titi-Nwel (1995), indicate positive influences in 
sustainability and yield generated from alley cropping systems. Alley cropping has reduced 
the use of "slash and bum" agriculture, increased the use of soil-improving trees, and caused 
an increase in crop yield [Tonye and Titi-Nwel, 1995]. In Paraguay, paraiso (Melia 
azedarach) was introduced in an agroforestry system to provide additional income from 
timber sales, as well as rehabilitate soils and reduce erosion [Evans and Rombold, 1984]. 
In North America, there is a tradition of meeting basic human needs through the 
combination of trees, animals, and crops [Nair et al., 1995]. Agroforestry studies conducted 
in North America emphasize the incorporation of trees within farming systems. In the 1970s, 
the demand for wood products increased as timberland was depleted for agricultural land and 
housing developments. The need to grow more trees on less land increased rapidly [White 
and Hook, 1975]. Agroforestry is an important addition to the United States agricultural 
landscape. In the U.S. combelt, there are 19 million acres of eroding soils. Of these 19 
million, 6.5 are suitable for forestation [Noweg and Kurtz, 1987]. In northern Missouri, for 
example, agroforestry practices have reduced the loss of topsoil and have been used as an 
alternative to terraces. Along with controlling soil erosion on crop lands, agroforestry 
systems have added crop diversity to supplement cash grain crops [Kurtz et al., 1991]. 
Silvopastoral systems consist of grazing animals among trees, which may increase 
timber production without significantly decreasing agricultural production. In the southeast 
United States, beef cattle and trees are combined in a silvopastoral agroforestry system. This 
type of agroforestry system yielded greater returns than either trees or cattle alone [Harwell 
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and Dangerfield, 1991]. Such a system requires more intensive management practices to 
prevent tree damage, as well as maintain forage quality [Knolwes, 1991]. Fencing is 
considered a necessary component of many silvopastoral agroforestry systems. Properly 
installed fencing resulted in minimal damage to pine trees when subterranean clover 
(Trifolium subterraneum L.) was grazed in an alley cropping system [Pearson et al., 1990]. 
Trees and forage crops may facilitate mutual growth in an agroforestry system, 
particularly in a silvopastoral system. Increased timber production and greater crop yields 
are the goals of a well-managed agroforestry system. There was a 30% increase in combined 
productivity in an agroforestry system in which subterranean clover was intercropped with 
Douglas fir. Douglas fir production was 90% of what is typically grown in open pasture. It 
was estimated that approximately 0.96 ha of forest and 0.64 ha of clover would be needed to 
equal the productivity of 1.0 ha of agroforest [Sharrow et al., 1996]. 
Crops, such as com, soybeans, and small cereal grains, have been produced in 
agroforestry systems in North America. The success of crops in agroforestry systems is 
limited by extensive root competition between tree and crop species. Row crops are often 
replaced with forage species after several years in agroforestry systems. In Missouri, 
soybeans and winter wheat were successfully intercropped with black walnut for 10 years 
before shading reduced yields below economic thresholds [Garrett and Kurtz, 1983]. Studies 
in Indiana showed a significant decrease in com yield caused by shading and below ground 
competition after 10 years in an agroforestry system [ Gillespie, 1996]. The practice of using 
crops to establish hardwood trees was also evaluated in southern Ontario . . Of the three crops 
evaluated, com, soybeans, and barley, the highest rate of tree survivability occurred with the 
com intercrop [ Gordon and Williams, 1991]. 
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The Conservation Reserve Program (CRP) has encouraged farmers to grow native 
grasses and trees on highly erodable land [Widner, 1996]. Agroforestry can provide an 
• option for CRP land while reducing over-production in agriculture [Nair et al., 1995]. The 
future of the CRP program is uncertain, however, as less government support for 
conservation programs is expected. Therefore, alternate farming techniques must be 
developed and promoted to persuade farmers that monoculture row-cropping may not be the 
best use of the land [Widner, 1996]. Agroforestry may serve as a viable alternative to a 
monoculture row cropping system. Although the concept of agroforestry may seem simple, 
the practice of establishing trees and crops together may provide more of a challenge. 
Tree Establishment 
· Successful tree establishment is one of the most important factors affecting an 
agroforestry system. Weeds and wildlife are two of the most common factors affecting tree 
establishment. 
Because a weed is classified as a plant that competes for nutrients, light and water 
[Elmore, 1983], weeds in an agroforestry system will compete for the same nutrients and 
moisture as trees. Fertilizer use can promote weed growth due to the limited nutrient demand 
during tree establishment. Living ground covers can be considered deleterious when there is 
competition with tree growth [Skroch and Shribbs, 1986]. Use of a sodgrass vegetative 
ground cover, comprised of red fescue and perennial ryegrass, was associated with nitrogen 
deficiencies in trees receiving nitrogen applications. In addition, glyposate banded between 
tree rows was associated with greater growth rate and nutrient uptake [Merwin and Stiles, 
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1994]. There was an increase in biomass production when trees were grown with weed 
control measures [Davies, 1988; Felker et al., 1986]. 
In a comparison of intercropping com, beans, or no vegetation with Luecaena 
leucoephala, Maghembe et al. (1996) found only a slight reduction (less than 10%) in tree 
biomass with the com intercrop. All three of the treatments produced more volume of L. 
leucocephala than weeding independently. 
High mortality can be expected when seedling trees in their first few years of growth, 
with a limited root system, fail to compete with dense weed competition [Davies, 1985]. 
Several techniques can be used to alleviate weed competition in the first years of tree 
establishment. Simply cutting weeds to eliminate competition has been shown to increase 
weed vigor and reduce tree growth compared with unmanaged weed growth under trees 
[Davies, 1985]. Herbicides are often the most popular choice due· to ease of application and 
labor efficiency [Felker et al., 1986]. Mulching is another form of weed control. Black 
polythene mulch has been shown to be consistent and longer lasting than results achieved 
with herbicides. Herbicides require several applications throughout the growing season, and 
accidental spraying or drift can cause herbicide damage, resulting in tree death [Davies, 
1988]. 
Tree shelters, consisting of plastic tubing generally made from polyvinylchloride 
(PVC), can be positioned around the perimeter of the tree. The shelter protects trees from 
predation, while increasing the growth rate by altering the microclimate and creating a green-
house effect [Tuley, 1985]. Plastic tube tree shelters provide protection from predation and 
herbicide drift, leading to an increase in survival, but do not completely compensate for weed 
competition [Davies, 1985]. 
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Plastic shelters increased tree establishment by decreasing competition induced by 
grass and weeds in tree establishment studies conducted on bigtooth maple and gambel oak. 
Shelters also helped reduce shading effects from grasses in a small seedling planting. 
Without shelter protection, no maple trees survived after two growing seasons, and only 29% 
of oak trees survived. However, oak is slow growing and was unable to elongate sufficiently 
within the shelter [Kjelgren and Rupp, 1997]. Incorporating tube shelters into a tree re-
establishment program led to a significant increase in tree survival due to reduced weed and 
predator effects. Results of this research demonstrated that successful tree establishment in 
an agroforestry system is dependent upon weed and wildlife management. 
Forage Establishment in Agroforestry Systems 
Intercrop selection is as critical as tree establishment in an agroforestry system. Small 
seeded legumes and/or grass species (termed forage species) are often intercropped with trees 
in agroforestry systems. Forage crops are important sources of animal feed. Forage seed 
establishment is an important consideration for maximal yields. Establishment practices, 
management practices, and shading effects from trees affect forage yield potential in an 
agroforestry system. 
Because clover is a small seeded legume, adequate stand establishment may be 
difficult to achieve. Broadcast seeding is the most popular method of planting small-seeded 
legumes. Broadcast seeding does not allow for much control in seeding depth; therefore, 
seeding rate is increased to compensate for, and reduce the chance of, an uneven stand. 
Planting with a grain or forage drill can lead to an excessive planting depth if the seedbed has 
not been adequately firmed. A roller works well for small seeded legumes, but does not 
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supply a sufficient soil to surface contact when grass seed is mixed with forage species. 
Companion cropping with oat is the predominant means of establishing small seeded 
legumes in a forage production system [Simmons et al., 1992]. The oat crop provides 
erosion and weed control during forage establishment as well as an additional crop for 
harvest [Simmons et al, 1992; Chastain and Grabe, 1988a]. Although forage crop yield will 
initially be lower, profit margins will increase as forage production increases in the following 
years [Chastain and Grabe, 1988b ]. 
Generally, forage and grass species used for animal grazing are grown in open areas 
to maximize photosynthesis and optimize plant growth. Shading effects from trees must be 
taken into account when managing for forage yield and quality in an agroforestry system. As 
shade area increases, plant growth becomes linear and branching is decreased 
[Solangaarachchi and Harper, 1987]. Red clover grown under shade produced a lower 
proportion of branched nodes with fewer leaves per branch [Thompson, 1993b]. However, 
when two species of white clover were grown under shaded conditions, the growth habits 
were shown to be genotype-specific [Thompson, 1993a]. 
When growing forage and grass. species in an agroforestry system, defoliation 
practices may need to be altered to promote successful re-growth of the pasture. Cutting or 
grazing frequency under trees may require adjustment based on the amount of shading and 
the growth habit of pasture species. Species with more of an upright growth habit generally 
perform better under shaded conditions than species exhibiting a prostrate growth habit. 
Prostrate forage species rely on photosynthetic area for re-growth whereas upright species 
use reserves from the roots and stubble [Wong and Stur, 1996]. When mixing forage and 
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grass species, defoliation concerns are greater. The timing and amount of defoliation are 
more critical in the effect on forage re-growth [ Grant and Barthram, 1991]. 
Shade effect studies under agroforestry conditions have shown crude protein and 
digestibility were not compromised by shade [Watson et al., 1984]. Production and 
digestibility of tall fescue and orchardgrass were greater when the two crops were grown 
under a 35 year old walnut stand [Garrett and Kurtz, 1983]. Species such as crimson clover, 
subclover, and ryegrass have been shown to perform well in shade [Watson et al., 1984]. 
Rhizoma-peanut legume performed well under shade in an intercropping system with pine 
[Johnson et al., 1994]. 
Nitrogen concentration irt shade-grown forage leaves has been shown to increase, 
while cell wall concentrations were reduced. In response to shading, grasses will partition dry 
matter away from root growth into maintenance of leaf area and stem length [Kephart and 
Buxton, 1993]. Shade increases productivity by reducing temperature, evapotranspiration, 
and conductance in some grass species [Belsky, 1994]. 
The potential for forage species in ·agroforestry systems has been supported in the 
scientific literature. Additional management practices may be required in order to establish 
and maintain productive forage stands. Increased digestibility, profit from dual crops, and 
environmental benefits may be achieved through proper forage management in an 
agroforestry system. The purpose of this research was to evaluate the effect of tree type and 
weed management on forage/tree establishment and growth in an agroforestry system in 
Iowa. 
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CHAPTER 3. MATERIALS AND METHODS 
A moderately uniform upland and bottomland site was selected for planting in the 
spring of 1998, at Iowa State University Rhodes Research Farm, near Rhodes, Iowa. The 
experimental area soils on both sites consisted of Mollie Hapludalfs. The upland site 
consisted of a Downs soil (fine-silty, mixed, mesic Mollie Hapludalf) and the bottomland site 
was a Gara soil (fine-loamy;mixed, superactive, mesic Mollie Hapludalf). Sites were 
selected on fonner pasture ground plowed in the spring of 1998 for the purpose of this 
research. 
Treatments consisted of seven weed control regimes and six tree entries. Weed 
control regimes were evaluated for effects on the survival and growth of two groups of tree 
entries: fast growing hardwoods (two hybrid poplar clones, Crandon [Populus alba x Populus 
grandidentata] and Eugenei [Populus x euroarnericana], and silver maple [Acer 
saccharinurn]) and high value hardwoods (red oak [Quercus rubra] and black walnut 
[Juglans nigra] seedlings and from seed). The weed control treatments consisted of four 
small grain/forage crop combinations: oats [Avena saliva L.] and red clover [Trifoliurn 
pratense L.]; oats, red clover, and red fescue [Festuca rubra L.]; oats, red clover, and 
orchardgrass [Dactylis glomerata L.]; and oats and hairy vetch [Vicia villosa Roth], 
herbicides, mowing and a control. Each site was divided into six blocks: three for the fast 
growing hardwoods, and three for the high value hardwoods. For fast growing hardwoods, 
seven 7.32 m by 33.5 m plots were established in each block and planted to a stand density of 
24 trees per row. The high value hardwood blocks consisted of seven plots, 7.32 m by 30.5 
m, planted to a stand density of 18 trees and 70 seeds per row. Forages were seeded on 5 
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May 1998, and tree seedlings and seed were planted on 7 May 1998. Two rows each of 
seedlings and seeds were planted 3.66 m apart; fast-growing seedlings were planted 0.91 m 
apart with 8 trees per species planted per row; red oak and black walnut seedlings were 
planted 0.61 m apart with 9 trees per species planted per row. Red oak and black walnut seed 
were planted approximately 15.2 cm apart with 35 seeds per species planted per row. In all, 
3528 seedlings and 5800 seeds were·planted. Immediately after tree planting, a 1.52 m kill 
strip was established in the herbicide plot. Two pre-emergent herbicides were applied, 
oxyfluorofen (1.11 kg/ha) and pendimethalin '(2.25 kg/ha). The kill strip was maintained in 
1999 by reapplying simazine (2.25 kg/ha) and.pendimethalin herbicides (2.25 kg/ha). 
Initial plans for the study called for harvesting the oats at grain maturity, and sub-
sampling forages to determine yield. However, heavy rains in the spring and early summer 
of 1998 restricted access to the site for maintenance and extensive ·weeds dominated the oat 
and forage treatments. Because of weed competition, forage production was very low and 
forage quality and yield were not analyzed in the first year. Plots were mowed to reduce 
weed competition and promote forage growth in July, Aug, and Nov 1998. 
Tree Establishment and Productivity 
Tree height was measured at the end of the growing season in Sep and Oct 1998. 
Trees were measured to the closest 0.5 m, using a marked PVC pole, with the terminal bud as 
the primary reference point. Fast growing trees were measured on 26 and 27 Sept and the 
slower, high value trees were measured on 11 and 15 Oct 1998. 
In the fall of 1998, a row of trees in all plots, except the herbicide and control plots, 
was hand weeded. Weeding occurred on 29 Oct and 14 and 15 Nov, requiring approximately 
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57 hours for 300 m of tree row. Weeding was conducted to mitigate rodent damage during 
the winter and to evaluate the impact on subsequent tree growth. During the winter months, 
the trees suffered damage from deer browsing and girdling by mice or other rodents. Both 
the weeded and non-weeded rows·suffered similar winter damage. Therefore, weeding 
offered no real advantage to tree growth and development and was discontinued. 
Seedling trees were thinned on 14 and 15 May of the 1999-growing season. Trees 
were planted at twice the density for initial establishment in 1998 and thinned to the target 
. population in 1999. Trees were selectively removed to eliminate competition from at least 
one side the remaining trees in the target population. Trees were manually clipped and 
herbicides applied to tree bases to prevent re-growth. The trees planted from seed were not 
thinned in order to observe the effects of competition on their growth rate. Tree height was 
measured on all trees on 9 and 10 Oct 1999. Diameter of the trees, except red oak trees from 
seed, was also recorded at 20 cm above the ground. Red oaks from seed demonstrated poor 
establishment and grew less than 5 cm in the two-year period. 
Forage Sampling and Quality 
Beginning in June 1999, forage height was measured using a rising plate meter as 
described by Harmony et al. ( 1997). The 0.10 m2 area under the plate meter was hand 
clipped for forage analysis. Forage height and biomass sub-samples were taken on randomly 
selected areas in the three small grain/forage treatments. Sub-sampling was not performed 
on the hairy vetch treatment due an inadequate stand in 1999. Height measurements and sub-
sampling occurred on 2 and 3 June, 14 July, and 17 Sep 1999. For each treatment within tree 
type, five sub-samples were taken in June, six in July, and twelve in Sep. The number of 
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samples was increased for each sampling date to help establish a correlation between forage 
height and yield. The rising plate meter was used to determine forage height. Hand-clipped 
forage samples, however, were used to estimate yield at the analysis stage, due to the poor 
correlation between height and yield using rising plate meter data. Samples were hand-
clipped at ground level, placed in a paper bag, and the wet weight was determined. The 
samples were oven dried at 60°C for five days and re-weighed to determine dry matter yield. 
Once forage samples had been obtained, the plots were mowed using a Bushhog™ mower to 
simulate the effects of forage harvesting. Cut forage material was not removed from the 
plots. 
After dry weight was obtained, each sub-sample was separated into two components, 
clover or grass. The components-were placed in separate bags for analysis preparation. Each 
forage component was ground through a Wiley Mill (Thomas Manufacturing, Philadelphia, 
PA) to pass through a 8 mm screen and a Cyclone Mill (UDY Manufacturing, Fort Collins, 
CO) to pass through a 1 mm screen. Once ground, the samples were stored in plastic jars 
until analyzed. Total nitrogen analysis was performed on the ground plant material using the 
Kjeldahl method [Bremner and Breitenbeck, 1983]. A 0.1 g sample of forage material was 
placed in a Pyrex TM block digester tube with a catalyst mixture and 3.5 ml of H2SO4 . 
Samples were digested for 3 hours at 395°C. Once digested, samples were cooled and 
treated with 15 ml of ammonia-free distilled water. To determine the ammonium nitrate in 
the digested samples, 15 ml of 1 OM NaOH was added to the digest and distilled into a 50 ml 
Erlenmeyer flask containing 5 ml of boric acid-indicator. The distillate was then titrated with 
0.01N HCl at 0.01 ml intervals. Total nitrogen concentration of the samples was expressed 
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on a g kg- 1 dry matter basis. Percent crude protein of the samples was obtained by 
multiplying total nitrogen by a conversion factor of 6.25. 
Digestibility of forage samples was determined through the in vitro digestible dry 
matter (IVDDM) procedure following the NC-64 Marten and Barnes (1980) direct 
acidification system based on the Tilley and Terry ( 1963) in vitro method using the Kansas 
State buffer solution. A sample of ground forage material weighing 0.25 g was placed into 
centrifuge tubes, and stored covered in an incubator at 39°C before inoculation with rumen 
fluid. Rumen fluid was collected from a fistulated steer on the day of inoculation. Contents 
of the rumen were kept in a thermos to prevent temperature reduction before use in IVDDM. 
A 12.5 ml sample of the buffer solution was added to each centrifuge tube. Tubes were 
swirled to incorporate the dry particles into the liquid and then returned to the incubator. The 
rumen fluid was filtered through cheesecloth into a graduated cylinder flushed with CO2 to 
maintain an anaerobic environment. After filtering, the rumen fluid was added to the buffer 
mixture and 12.5 ml of this solution (7.5 ml of buffer and 5 ml of rumen) were distributed to 
each tube. Within each tube, there was a 4: 1 ratio of buffer to rumen fluid. Each centrifuge 
tube was flushed for 5 seconds with CO2, stoppered with a release valve, and returned to the 
incubator. The centrifuge tubes were swirled for incorporation of particles at 9:30, 11 :30, 
and 15:30 on the day of collection, and at 8:00 and 16:00 the following day. Forty-eight 
hours after rumen inoculation, stoppers were removed from the tubes, and 1.0 ml of an acid-
pepsin solution was added to each tube, swirled for incorporation, covered with paper, and 
returned to the incubator. The tubes were swirled again at 11 :30 and again at 16:00. 
Twenty-four hours after acidification, the forage samples were filtered using a suction 
filtration system. Room equilibrated and weighed Whatman TM filter paper was used in the 
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filtering process. After filtering each tube, the filter paper was folded and placed in an 85°C 
drying oven for 48 hours. The filter paper was then removed to a dessicator to cool 45 
minutes before weighing. IVDDM for each tube was calculated using the following formula 
and reported as percent IVDDM: 
[ 1-(End Wt - (Filter Wt x Filter Dry Matter) - Blank Wt] x 100 
(Sample Wt x Sample Dry Matter) 
Data Analysis 
The experiment was designed as a randomized complete block. Fast growing trees 
were analyzed as a split plot: weed control regimes were the whole plot and tree entries were 
the sub-plot. High value hardwoods were to be analyzed as a split-split plot, with treatments 
as the whole plot, trees as the sub-plot, and tree material (seedling or seed) as the sub-sub-
plot. However, due to very little red oak seed data, the high value hardwoods were analyzed 
as a split plot. Data was analyzed using GLM and Contrast statement procedures [SAS, 
1996]. Differences are significant at the P < 0.05 .level unless otherwise presented. 
Treatment means were separated by LSD, at P < 0.05. 
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CHAPTER 4. RESULTS AND DISCUSSION 
Fast Growing Tree Survival 
Tree survival rates were greater for Eugenei (98.8%) than Crandon (88.4%) and silver 
maple (92.6%) during the 1998 growing season in the upland location (Table 1 ). Tree 
survival rates were not affected by the presence of forages or conventional weed control 
treatments (mowing or herbicide applications) in the upland location during 1998 (Table 2). 
Survival rates may have been influenced by high rainfall during the initial establishment of 
the seedlings in 1998. Anecdotal evidence exists for a greater tolerance of water-logged soils 
in the Eugenei cultivars (C. Mize, pers. comm., June 2001). 
In the bottomland location, tree survival rates were also greater for Eugenei (97.9%) 
compared with Crandon (75.0%) and silver maple (89.9%) in 1998 (Table 1). Portions of the 
bottomland location remained saturated with water through the fall of 1998, which may have 
impacted the survival of Crandon and silver maple. Survival rate of Eugenei was not 
affected either by mowing, herbicide, or forage treatments (Table Al-appendix). Silver 
maple survival rates were less in the mowed treatment and the red clover (Table Al). Fewer 
Crandon trees (56.3%) survived in the control treatment than Eugenei and silver maple trees 
(Table A 1 ), suggesting a greater tolerance of weed pressure in the latter species. Summing 
over all treatments and all fast-growing species, there was an indication of lower tree survival 
in the control treatment compared with mowing and the forage treatments in the bottomland 
location. However, survival in the control treatment was not significantly less than the 
herbicide treatment or the red clover treatment (Table 3). 
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Fast Growing Tree Height 
Crandon, Eugenei, and silver maple are considered to be fast growing trees, with the 
poplar clones faster growing than silver maple. Crandon tree height (1.0 m) exceeded 
Eugenei (0.85 m), and silver maple (0.61 m) in the upland location in 1998 (Table 1 ). At the 
end of the second season, Crandon height was greater (2.00 m) than Eugenei (1.53 m) and 
silver maple (0.66 m) (Table 1 ). There was minimum growth in silver maple in the upland 
location between 1998 and 1999. Change in tree height for silver maple was just 7 .02%, 
compared to 103% for Crandon, and 83.2% for Eugenei (Table 1). 
Tree height of the fast growing species was greater in the bottomland location than 
the upland location. Eugenei height was greatest ( 1.66 m), followed by Crandon and silver 
maple (Table 1 ). Although Eugenei height was greatest, the greatest growth increase ( 117%) 
between the 1998 and 1999 season occurred in the Crandon trees, compared with Eugenei 
(91.8%) and silver maple (3 7 .5%) (Table 1 ). Because of thinning of taller trees, and 
extensive browsing by deer in winter months, average growth rate was negative for silver 
maple in four treatments (Table A3 ). 
There was no difference in tree height among the forage treatments tested in the 
upland location in 1998. Trees in the herbicide treatment averaged the lowest height (0.75 
m), compared with the control treatment and three of the forage treatments (red clover/red 
fescue; red clover/orchardgrass; and hairy vetch). Tree height in the red clover and mowed 
treatments was not significantly different from the herbicide treatment in 1998 (Table 2). 
Herbicides may have damaged some of the trees, affecting initial growth. Growth rate in the 
herbicide treatment (80.5%) between the end of the 1998 growing season and the end of the 
1999 growing season was not significantly different from all other treatments (Table 2). 
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Herbicides were expected to reduce weed competition and assist tree growth, but tree height 
remained the lowest in the herbicide treatment. Similarly, tree growth was not restricted in 
the control treatment, which contained 100 percent weed coverage with an average weed 
height of 1.5 m. 
The forage treatments, the unweeded control, and the herbicide treatment did not 
affect tree growth in the upland location during the 1999 season. Trees in the mowed 
treatment averaged the lowest height (1.22 m) compared with two of the forage treatments 
(red clover/red fescue and hairy vetch) (Table 2). In an effort to reduce weed competition 
under the trees, mowing often inadvertently injured trees. Upper branches ofseveral trees 
were mowed, resulting in the lower undamaged branch becoming dominant. 
In the bottomland location in 1998, tree height was greater in the herbicide treatment 
( 1.36 m) compared with three of the forage treatments and the control. Tree height in the red 
clover/red fescue (1.33 m) and mowed (1.27 m) treatments was not significantly different 
from the herbicide treatment (Table 3). 
Tree height in the herbicide treatment (2.57 m) was greater than all other treatments 
in the bottomland location in 1999. However, the control treatment (113%) had the greatest 
growth increase between the 1998 and 1999 growing season compared to all other 
treatments. Growth rate in the herbicide treatment (87 .2%) did not differ from the remaining 
treatments (Table 3). 
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Fast Growing Tree Diameter 
Basal diameter for trees measured during the fall of 1999 correlated with tree height 
across fast growing species in both locations (basal diameter= 12.53 (tree height) -2.10, R2 
= 0.85) (Figure A 1 ). In the upland location, basal diameter was greatest in Crandon (21. 7 
mm), followed by Eugenei (16.3 mm) and silver maple (6.41 mm) (Table 1). In the 
bottomland location, basal diameter was greatest in Eugenei ( 40.1 mm) compared to Crandon 
(25.9 mm) and silver maple (13.3 mm) (Table 1). 
Basal tree diameter was greatest in the herbicide treatment in both the upland ( 18. 7 
mm) and bottomland (35.7 mm) locations (Tables 2 & 3). In the upland location, basal 
diameter was significantly lower in the control treatment ( 10.9 mm) compared with all forage 
and herbicide treatments (Table 2). In the bottomland location, basal diameter was also 
significantly lower in the control treatment (21.9 mm) compared with the mowed (26.4 mm) 
and red clover/red fescue treatments (27.6 mm). Control basal diameter did not differ from 
the remaining forage treatments (Table 3 ). 
Overall, tree basal diameter was greatest in the herbicide treatment and lowest in the 
control treatments. Along with direct competition, weeds indirectly affected tree growth. 
High weed density around trees provided winter habitat and a source of food for pheasants, 
deer, and small rodents. Deer browsing resulted in injury to tree branches and leaves, and 
girdling by small rodents led to reduced tree diameter. Although tree diameter was 
significantly lower in the control treatment, control tree height did not differ from the other 
treatments, suggesting a differential effect from weed competition on tree growth parameters. 
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Slow Growing Tree Survival 
Weed competition, inadequate seed scarification, and extensive rains leading to 
saturated soils contributed to reduced seed germination of black walnut in both the upland 
and bottomland locations in 1998 and 1999. Red oak (94.4%) and black walnut (92.1%) 
seedling survival rates were greater than black walnut seeds (3 7 .1 % ) during the 1998 
growing season in the upland location (Table 4). Tree survival rates were not affected by the 
herbicide, mowed, or forage treatments. Tree survival rates in the control treatment (79. 7%) 
were greater than the red clover and red clover/orchardgrass treatments in the upland location 
(Table 2). In the bottomland location, red oak (97.9%) and black walnut (93%) seedling 
survival was greater than black walnut seeds (37.3%) (Table 4). Survival rates in the 
bottomland location did not differ in the control treatment, the two conventional treatments 
(herbicide and mowing), or three of the forage treatments (red clover; red clover/red fescue; 
and red clover/orchardgrass ). Tree survival was lowest in the hairy vetch treatment (71.1 % ) 
compared with the control, herbicide, and mowed treatments (Table 3). 
Slow Growing Tree Height 
Black walnut (0.52 m) and red oak (0.51 m) seedlings were comparable in height at 
the end of the 1998 growing season in the upland location. Tree height was greatest in black 
walnut seedlings (0.52 m) compared with trees grown from seed (0.34 m) (Table 4). At the 
end of the 1999 growing season, there was no height difference among trees from black 
walnut seedlings, red oak seedlings, and black walnut seeds (Table 4 ). Growth increase in 
two years was greatest in the black walnut seeds (45.l %) compared with black walnut and 
red oak seedlings, which exhibited little to no growth between 1998 and 1999 (Table 4). 
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Treatments did not affect tree height in 1998. In 1999, tree height did not differ among the 
forage treatments and the control treatment, but tree height was lower in the mowed 
treatment (0.44 m) compared to the control, red clover; red clover/red fescue; and red 
clover/orchardgrass treatments (Table 2). Growth rate was significantly lower in the mowed 
treatment (3.31 %) compared to the control treatment (22.0%), suggesting that mowing was 
more detrimental around slow-growing trees than the unweeded control (Table 2). 
In the bottomland location in 1998, tree height of black walnut (0.52 m) and red oak 
(0.52 m) seedlings was greater than black walnut tree height grown from seed (0.30 m). By 
the end of the 1999 growing season, there were no height differences between black walnut 
seedlings, red oak seedlings, or black walnut trees from seed (Table 4). Growth rate of black 
walnut trees from seed (130%) was greater than seedling trees, which averaged only 15.3% 
growth (Table 4). As in the upland location, forage and weed control treatments did not 
affect tree height in 1998. Overall, tree height in the hairy vetch treatment was lower (0..48 
m) than all other treatments in 1999 (Table 3). The hairy vetch treatment (35.5%), along with 
the control, herbicide, mowed, red clover, and red clover/orchardgrass treatments wa3 lower 
than the red clover/red fescue treatment (122%) (Table 3). In the red clover/red fescue 
treatment, black walnut trees from seed exhibited a 334% height growth increase from 1998 
to 1999 (Table A 15). 
Although seedling height growth was limited in both locations, tree establishment 
among the slow-growing species was exemplary. Thinning in the spring of 1999 may have 
reduced average seedling height by removal of some of the taller trees in order to obtain even 
spacing between trees. Deer browsing, accidental cattle browsing and trampling, and mower 
damage also had an effect on tree growth. Because trees from seed were not thinned in the 
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black walnut stands, intensive competition for light among tree seedlings may have caused 
accelerated height growth through a change in resource allocation. 
Slow Growing Tree Diameter 
Basal diameter of black walnut (7 .25 mm) and red oak seedlings (7 .10 mm) was 
greater than black walnut trees grown from seed (6.15 mm) in the upland location (Table 4). 
Similar results were observed in the bottomland where black walnut (8.58 mm) and red oak 
seedling diameter (8.64 mm) was greater than black walnut seed (7.66 mm) (Table 4). 
Basal tree diameter was greatest in the herbicide treatment in both the upland (8. 70 
mm) and bottomland_ (11.1 mm) locations (Tables 2 & 3). In the upland location, basal 
diameter in the mowed treatment (5.59 mm) was significantly lower than the herbicide, red 
clover, and red clover/orchardgrass treatments (Table 2). In the bottomland location, basal 
diameter was significantly greater in the herbicide treatment compared to all other treatments 
(Table 3). 
As was observed with the fast-growing trees, herbicide treatment applications were 
effective in controlling weeds adjacent to the trees, thereby reducing competition for 
nutrients and water. Tree diameter was greatest in the herbicide treatment, but as was shown 
in the fast-growing trees, tree height was not compromised by weed competition. 
Forage Yield 
Forage yield did not differ across harvest dates in the upland and bottomland 
locations, averaging 489 kg/ha dry matter (DM). Although the overall yield did not differ, 
percentage of clover in the forage treatments was greater in the upland location (74% clover, 
yielding 376 kg/ha DM) compared with the bottomland (55% clover, yielding 272 kg/ha 
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DM). Total forage yield, dry matter, forage height, and clover yield did not differ for forage 
harvested between the alleyways of fast and slow growing tree species. Average total June 
forage yield (565 kg/ha DM) was less than the average total yield for July (641 kg/ha DM). 
Both June and July harvest yields were greater than September yields (3 72 kg/ha DM) (Table 
SA). Forage yield is usually greater, with lower quality, in early season hay, compared to the 
second cutting when the trend reverses. A third harvest of cool season grass and clover hay 
is generally lower in quality an:d yield than the previous two harvests [Fisher et al., 1995]. 
Poor stand quality the previous year accompanied by increased tillering stimulated by harvest 
simulation (mowing) may have led to an increase in July forage yield. 
Within the months of June and July, yields from all forage treatments did not differ. 
The red clover/orchardgrass treatment ( 433 kg/ha) was greater in yield than the red clover 
(349 kg/ha) and red clover/red fescue treatments (334 kg/ha) during September harvest 
(Table 6). Clover yield in the red clover/orchardgrass treatment remained lower than the red 
clover/red fescue and red clover treatments across all harvest dates (Table 6). 
Forage Crude Protein 
Crude protein and digestibility did not differ between the upland and bottomland 
locations; therefore data were combined for analysis. Crude protein was greater in the red 
clover (17.3%) and the red clover/red fescue treatments (16.5%) compared with the red 
clover/orchardgrass cover crop (14.9%) (Table 7). Crude protein increased in both grass and 
clover species from June (14.4%) to July (17.2%), and September (17.1 %). Clover crude 
protein was greatest in July (17.8%) and September (17.9%) compared with June (16.4%). 
July (16.6%) and September (16.3%) crude protein levels for grass were greater than June 
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(12.3%) (Table 7). The first harvest of clover was expected to be lowest forage quality due 
to the high number of stems present at harvest. 
Forage Digestibility 
IVDMD was greater in the red clover (70.7%) and the red clover/red fescue 
treatments (71.3%) compared to the red clover/orchardgrass treatment (68.0%) (Table 7). 
Hay from the June harvest was more digestible (74.1 %) than July's harvest (67.2%) and 
September ( 69. 7% ). Digestibility was greatest in June for both clover and grass species 
(Table 7). Decreases in digestibility are associated with increases in lignin content over the 
summer months. As the growing season progresses, during the end of the growth cycle, an 
increase in stem to leaf ratios and lignin content decreases forage clover digestibility. 
Digestibility is lower in grasses, compared to clover, due to greater lignin content in grasses. 
General Summary 
Neither forage weed control treatments nor herbicide and mowing treatments affected 
tree height when compared with the control. However, the basal diameter of all tree entries 
was greatest in the herbicide treatment. This increase in diameter may be attributed to initial 
--weed control -reducing light competition, thereby allowing trees~to al-loeate more resources 
for diameter growth. 
Although there were initial establishment problems in 1998, red clover exceeded 90 
% coverage by 1999. Forage quality was not affected by the presence of trees during the 
1999 growing season. However, further years of study and evaluation will be needed to 
determine full treatment effects. 
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Table 1. Average survival, height, height growth, and diameter for fast-growing tree 
species in the upland and bottomland locations. 
Species 
· Crandon Eugenei Silver Maple SE P-Value 
Upland 
Survival (%) 
1998 88.4 b 98.8 a 92.6 b 1.54 <0.010 
Height (m) 
1998 0.99 a 0.85 b 0.61 C 0.02 <0.010 
1999 2.00 a 1.53 b 0.66 C 0.05 <0.010 
Height Growth(%) 
103 a 83.2 a 7.06 a 7.02 <0.010 
Diameter (mm) 
1999 21.7 a 16.3 b 6.41 C 0.50 <0.010 
Bottom land 
Survival (%) 
1998 75.0 C 97.9 a 89.9 b 1.75 <0.010 
Height (m) 
1998 1.19 b 1.66 a 0.81 C 0.04 <0.010 
1999 2.47 b 3.12 a 1.11 C 0.06 <0.010 
Height Growth(%) 
117 a 91.8 b 37.5 C 5.31 <0.010 
Diameter (mm) 
1999 25.9 b 40.1 a 13.3 C 0.97 <0.010 
Treatment means followed by the same letter across species are not statistically different at P < 0.05. 
Table 2. Average survival, height, height growth, and diameter for all treatments in fast and slow-growing species in the upland 
location. 
Treatment 
Control Herbicide Mowing RC RC/RF RC/OG HV SE P-Value 
Fast Growing Species 
Survival(%) 
1998 95.1 a 91.7 a 96.5 a 91.7 a 93.8 a 93.1 a 91.7 a 2.36 0.21 
Height (m) 
1998 0.84 ab 0.75 e 0.76 be 0.83 abe 0.86 a 0.85 a 0.84 a 0.03 0.06 
1999 1.34 ab 1.43 ab 1.22 b 1.39 ab 1.55 a 1.36 ab 1.47 a 0.08 0.36 
Height Growth (%) 
56.9 a 80.5 a 53.5 a 57.9 a 77.0 a 55.1 a 69.9 a 10.7 0.88 
Diameter (mm) 
1999 10.9 d 18.7 a 12.8 ed 16.2 b 16.2 b 14.7 be 14.1 be 0.76 <0.01 
N 
00 
Slow Growing Species 
Survival (%) 
1998 79.7 a 72.2 ab 76.8 ab 69.7 b 74.8 ab 71.6 b 76.8 ab 2.T1 0.76 
Height (m) 
1998 0.45a 0.45a 0.44 a 0.46 a 0.45 a 0.47 a 0.46 a 0.02 0.05 
1999 0.52 a 0.45 be 0.44 e 0.51 ab 0.52 a 0.52 a 0.49 abe 0.02 0.58 
Height Growth (%) 
22.0 a 7.14 ab 3.31 b 15.3 ab 20.7 ab 14.7 ab 11.8 ab 5.55 0.47 
Diameter (mm) 
1999 6.36 be 8.70 a 5.59 e 6.95 b 6.65 be 6.96 b 6.63 be 0.41 0.46 
RC = oats and red clover, RC/RF = oats, red clover, and red fescue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed by the same letter are not statistically different at P < 0.05. 
Table 3. Average survival, height, height growth, and diameter for all treatments in fast and slow-growing species in the 
bottomland location. 
Treatment 
Control Herbicide Mowing RC RC/RF RC/OG HV SE P-Value 
Fast Growing Species 
Survival (%) 
1998 80.6 b 85.4 ab 92.4 a 85.4 ab 88.9 ab 90.3 a 90.3 a 2.67 0.10 
Height (m) 
1998 1.09 d 1.36 a 1.27 abc 1.14 de 1.33 ab 1.17 bed 1.17 bed 0.06 0.87 
1999 2.13 b 2.57 a 2.18 b 2.14 b 2.30 b 2.14 b 2.17 b 0.09 0.14 
Height Growth (%) 
113 a 87.2 b 67.0 b 81.9 b 69.0 b 76.6 b 79.0 b 8.12 0.14 
Diameter (mm) 
1999 21.9 C 35.7 a 26.4 b 25.3 be 27.6 b 24.3 be 23.8 be 1.48 0.50 
N 
\0 --- - - - ----- - ---
Slow Growing Species 
Survival (%) 
1998 79.9 a 80.7 a 78.6 ab 72.2 be 74.8 abc 76.1 abc 71.1 C 2.46 0.14 
Height (m) 
1998 0.47 a 0.44 a 0.47 a 0.42 a 0.45 a 0.46 a 0.43 a 0.02 0.18 
1999 0.69 a 0.62 be 0.56 b 0.55 b 0.65 ac 0.62 abe 0.48d 0.03 0.001 
Height Growth(%) 
53.7 a 54.9 a 24.3 a 42.3 a 122 b 41.6 a 35.5 a 25.0 0.084 
Diameter (mm) 
1999 8.14 be 11.1 a 7.51 be 7.76 be 8.37 b 8.03 be 7.18 be 0.385 0.011 
RC = oats and red clover, RC/RF = oats, red clover, and red fescue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed by the same letter are not significantly different at P < 0.05. 
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Table 4. Average survival, height, height growth, and diameter for slow-growing tree 
species in the upland and bottomland locations. 
Species 
Black Walnut Red Oak SE P-Value 
Seed Seedling Seedling 
Upland 
Survival (%) 
1998 92.1 a 37.1 b 94.4 a 1.82 <0.01 
Height (m) 
1998 0.52 a 0.34 b 0.51 a 0.01 <0.01 
1999 0.52 a 0.48 a 0.48 a 0.02 0.12 
Height Growth (%) 
2.04 a 45.1 b -6.49 a 3.63 <0.01 
Diameter (mm) 
1999 7.25 a 6.15 b 7.10 a 0.27 0.09 
Bottom land 
Survival (%) 
'1998 93.4 a 37.3 b 97.9 a 1.61 <0.01 
Height (m) 
1998 0.52 a 0.30 b 0.52 a 0.01 <0.01 
1999 0.62 a 0.59 a 0.57 a 0.02 0.14 
Height Growth (%) 
19.3 a 130 b 11.2 b 16.4 <0.01 
Diameter (mm) 
1999 8.58 a 7.66 b 8.64 a 0.25 0.01 
Treatment means followed by the same letter are not statistically different at P < 0.05. 
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Table SA. Combined forage yield, forage height, percent clover, and clover yield across all 
harvest dates. 
Months 
June July September SE P-Value 
Yield (kg/ha) 566 b 641 a 372 C 11.9 <0.0001 
Forage Height (m) 0.22 a 0.22 a 0.14 b 0.01 0.0001 
Percent Clover (%) 74.7 a 74.0 a 56.1 b 2.11 0.0003 
Clover Yield ~kg/ha} 434 b 479 a 193 C 11.1 <0.0001 
Treatment means followed by the same letter are not statistically different at P < 0.05. 
Table 5B. Forage yield, forage height, percent clover, and clover yield in three agroforestry 
forage treatments. 
Forage Combinations 
RC RC/RF RC/OG SE P-Value 
Yield (kg/ha) 527 a 524 a 529 a 12.3 0.9677 
Forage Height (m) 0.18 b 0.18 b 0.22 a 0.01 0.0334 
Percent Clover (%) 90.4 a 84.0 b 30.4 C 2.11 <0.0001 
Clover Yield ~kg/ha l 485 a 451 b 170 C 11.4 <0.0001 
RC= oats and red clover, RC/RF= oats, red clover, and red fescue, RC/OG = oats, red clover, and 
orchardgrass, HV = oats and hairy vetch 
Treatment means followed by the same letter are not significantly different at P < 0.05. 
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Table 6. Forage yield, forage height, percent clover, and clover yield in three agroforestry 
forage treatments within each harvest. 
Treatments 
RC RC/RF RC/OG SE P-Value 
Forage Yield (kg/ha) June 584 ae 587 abe 525 e 20.7 0.04 
July 646 bd 649 d 628 ad 
September 349 C 334 C 433 f 
Forage Height (m) June 0.186 ac 0.202 be 0.268 e 0.01 0.23 
July 0.229 b 0.220 b 0.219 b 
September 0.131 d 0.131 d 0.164 a 
Percent Clover (%) June 92.7 a 92.6 a 39.0 b 3.58 0.06 
July 93.8 a 86.8 a 41.4 b 
September 84.9 a 72.7 C 10.8 d 
Clover Yield (kg/ha) ·June 552 ad 549 d 200 f 19.3 0.21 
July 606 a 564 ad 267 ce 
September 295 C 241 ef 43.4 b 
RC = oats and red clover, RC/RF = oats, red clover, and red fescue, RC/OG = oats, red clover, and 
orchardgrass, HV = oats and hairy vetch 
Treatment means followed by the same letter are not significantly different at P < 0.05. 
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Table 7. Crude protein and digestibility of forage treatments and clover and grass across 
harvest dates. 
Forage Quality 
Crude Protein SE P-Value IVDMD SE P-Value {%~ {%~ 
Forage Treatments 
RC 17.3 a 0.49 0.006 70.7 a 7.17 0.049 
RC/RF 16.5 a 0.40 71.3 a 5.57 
RC/OG 14.9 b 0.37 68.0 b 6.69 
June Harvest 
Clover 16.4 a 0.52 0.054 79.7 a 1.52 0.003 
Grass 12.3 a 0.62 65.7 a 3.00 
July Harvest 
Clover 17.8 b 0.52 70.7 b 2.17 
Grass 16.6 b . 0.83 62.7 b 4.93 
September Harvest 
Clover 17.9 b 0.52 71.5 b 4.23 
Grass 16.3 b 0.52 65.9 a 4.62 
RC= oats and red clover, RC/RF= oats, red clover, and red fescue, RC/OG = oats, red clover, and 
orchardgrass, HV = oats and hairy vetch 
Treatment means followed by the same letter are not significantly different at P < 0.05. 
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CHAPTER 5. CONCLUSIONS 
By 2025 it is estimated that world wood demand will reach 6.6 billion m3 [Kimmins, 
1997] . This increase in wood demand along with an expanding global population will leave 
less available land for production of food crops and lumber. Alley cropping practices 
allowing for both food crop and lumber production on the same piece of land may help meet 
the world's growing population demands. 
The inclusion of trees in traditional monocropped farming systems will lead to greater 
biodiversity in the farmscape and lower problems with erosion and nutrient run-off. Two 
factors, poor establishment and length of time required for trees to reach a marketable size, 
hinder tree plantings. Intense weed competition can occur in the initial year of tree 
establishment, resulting in poor stands. Weed competition can be controlled through the use 
of mulch, herbicides, cultivation, mowing, and companion cropping. Mulching and 
herbicides are costly and not always practical for large tree establishment. The second factor 
is the length of time required for trees to reach market value size. A potential solution to 
these constraints is the use of alley cropping. Alley cropping allows farmers to achieve an 
annual income from crops on the same piece of land from which they will eventually harvest 
the trees. 
This study examined the potential for forage crops in an alley cropping system. 
Forage treatments containing clover were established with a companion crop of oats in 1998, 
with full coverage obtained in 1999. Poor over-wintering in the hairy vetch treatment after 
excellent initial establishment led to an inadequate stand in 1999. Two-year results from this 
research demonstrated that forage growth .and quality, excluding hairy vetch, was not 
negatively affected by the trees in the alley-cropped system. Regarding the effect of the 
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forages on tree height, no significant differences were observed among the seven weed 
management treatments: control, herbicide, mowing, red clover, red clover/red fescue, red 
clover/orchardgrass, and hairy vetch. After the second growing season, basal tree diameter 
was greater in the herbicide treatment when compared with the control, mowing, and forage 
cover, suggesting a differential effect on tree growth parameters. 
As expected, tree height was greatest in the fast growing trees compared with the high 
value, slow-growing hardwoods. The growth rate ofblack walnuts planted as seeds exceeded 
black walnuts planted at seedling stage, suggesting an advantage of seed over seedlings when 
establishing a black walnut plantation or alley cropping system. In addition, without 
adequate tree protection ( e.g. polytubes ), mowing may be considered more detrimental to 
slow-growing tree establishment than an unweeded site, as was demonstrated in the alley-
cropping system of Pearson et al. (1990). 
As the trees grow and the percentage of shaded area in the alleyway increases, 
tree/forage crop competition may increase, as was show in Missouri [Garrett and Kurtz, 
1983] and Indiana [Gillespie, 1996]. The minimal effects of the forages on the trees, and the 
quality of the forage as affected by the trees, may change as competition for resources 
increases over time. Routine pruning of tree branches, as practiced in many alley cropping 
systems, may be necessary to maintain adequate forage yields in the alleyways, although 
quality of forages in agroforestry systems appears to be less compromised by shade than 
traditional row crops [Watson et al., 1984; Garrett and Kurtz, 1983]. 
Information gained from this research is encouraging for the future of alley cropping 
in the Midwest. Data collected in this study shows that initial tree establishment and height 
growth were not affected by the presence of forage material in the alleyways. Further years 
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of study will be needed to determine the full effects of this alley cropping system in terms of 
economic and ecological value. 
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APPENDIX 
Table A I. Survival (%) comparison between fast growing species and treatment in the bottomland location for 1998 and 1999 
Species 
1998 1999 
Treatment Crandon Eugenei Silver Maple SEM Crandon Eugenei Silver Maple SEM 
Control 56.3 f 97.9 ab 87.5 bed 4.63 122 a 100 abc 95.8 be 8.73 
Herbicide 75.0 de 89.6 abc 91.7 abc 108 abc 100 abc 95.8 be 
Mowing 81.3 cde 100 ab 95.8 ab 100 abc 100 abc 117 ab 
RC 72.9 e 102 a 81.3 cde 91.7 C 100 abc 100 abc 
RC/RF 79.2 cde 95.8 ab 91.7 abed 117 abc 100 abc 100 abc 
RC/OG 79.2 cde 102 a 89.6 abc 95.8 be 100 abc 108 abc 
HV 81.3 cde 97.9 ab 91.7 abc 100 abc 95.8 be 113 abc 
RC = oats and red clover, RC/RF = oats, red clover, and red fescue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed by the same letter are not statistically different at P < 0.05. 
Table A2. Heis;ht {m} comearison between fast s;rowins; seecies and treatment in the ueland location for 1998 and 1999 
Species 
1998 1999 
Treatment Crandon Eugenei Silver Maple SEM Crandon Eugenei Silver Maple SEM 
Control 1.00 b 0.827 d 0.681 efg 0.0480 1.89 abc 1.46 d 0.668 e 0.132 
Herbicide 0.918 bed 0.786 def 0.548 gh 2.13 a 1.40 d 0.762 e 
Mowing 0.863 cd 0.895 bed 0.522 h 1.62 bed 1.57 cd 0.485 e 
RC 1.02 b 0.859 cd 0.605 gh 2.19 a 1.43 d 0.553 e 
RC/RF 1.16 a 0.803 de 0.625 gh 2.23 a 1.60 cd 0.817 e 
RC/OG 1.03 ab 0.865 cd 0.653 fgh 1.96 ab 1.57 cd 0.557 e 
HV 0.989 bed 0.914 bed 0.624 gh 1.96 ab 1.68 bed 0.753 e 
RC = oats and red clover, RC/RF = oats, red clover, and red fescue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed bv the same letter are not statisticallv different at P < 0.05. 
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Table A3. Height growth (%) comparison between fast growing species and treatment in the upland location for 1998 and 1999 
Species 
Treatment Crandon Eugenei Silver Maple SEM 
Control 93.4 ab 79.7 be -2.46 f 18.6 
Herbicide 133 a 83.5 abe 25.2 ef 
Mowing 91.2 ab 75.7 bed -6.38 f 
RC 116 ab 67.1 ede -9.16 f 
RC/RF 93.2 ab 103 ab 35.2 edef 
RC/OG 94.3 ab 85.1 abe -14.2 f 
HV · 99.6 ab 88.9 ab 21.2 ef 
RC = oats and red clover, RC/RF = oats, red clover, and red fescue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed by the same letter are not statistically different at P < 0.05. 
Table A4. Diameter (mm) comparison between fast growing species and treatment in the upland location for 1998 and 1999 
Species 
Treatment Crandon Eugenei Silver Maple SEM 
Control 13.0 d 13.0 d 6.79 e 1.32 
Herbicide 29.1 a 19.7 b 7.34 e 
Mowing 15.9 ed 16.7 bed 5.79 e 
RC 27.3 a 15.0 ed 6.29 e 
RC/RF 26.3 a 17.1 be 5.28 e 
RC/OG 20.1 b 17.0 be 7.23 e 
HV 20.3 b 15.9 ed 6.16 e 
RC = oats and red clover, RC/RF = oats, red clover, and red fescue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed by the same letter are not statistically different at P < 0.05. 
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Table AS. Survival {%2 comearison between fast growing seecies and treatment in the ueland location for 1998 and 1999 
Species 
1998 1999 
Treatment Crandon Eugenei Silver Maple SEM Crandon Eugenei Silver Mpale SEM 
Control 87.5 bed 100 a 97.9 ab 4.08 196 a 131 b 95.8 b 14.3 
Herbicide 85.4 cd 93.8 abc 95.8 abc 104 b 94.4 b 112 b 
Mowing 97.9 ab 97.9 ab 93.8 abc 131 b 100 b 104 b 
RC 87.5 bed 100 a 87.5 bed 100 b 110 b 91.7 b 
RC/RF 93.8 abc 100 a 87.5 bed 100 b 100 b 104 b 
RC/OG 87.5 bed 100 a 91.7 abe 104 b 100 b 100 b 
HV 79.2 d 100 a 93.8 abe 122 b 104 b 100 b 
RC = oats and red clover, RC/RF = oats, red clover, and red fescue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed by the same letter are not statistically different at P < 0.05. 
Table A6. Height (m) comparison between fast growing species and treatment in the bottomland location for 1998 and 1999 
Species 
1998 1999 
Treatment Crandon Eugenei Silver Maple SEM Crandon Eugenei Silver Maple SEM 
Control 0.993 efgh 1.51 ed 0.752 ghi 0.107 2.19 g 2.83 cde 1.38 hi 0.155 
Herbicide 1.26 de 1.85 a 0.962 fgh 2.71 ede 3.54 a 1.47 h 
Mowing 1.23 def 1.65 abc 0.922 ghi 2.35 fg 3.09 abe 1.11 hij 
RC 1.05 efg 1.63 abe 0.742 hi 2.46 efg 3.12 abe 0.833 j 
RC/RF 1.27 de 1.82 ab 0.890 ghi 2.44 efg 3.37 ab 1.10 hij 
RC/OG 1.25 def 1.61 abe 0.662 i 2.56 defg 2.95 bed 0.910 j 
HV 1.25 def 1.52 bed 0.743 hi 2.59 defg 2.94 bed 0.962 ij 
RC = oats and red clover, RC/RF = oats, red clover, and red fescue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed bv the same letter are not statisticallv different at P < 0.05. 
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Table A 7. Height growth (%) comparison between fast growing species and treatment in the bottomland location for 1998 and 
1999 
Species 
Treatment Crandon Eugenei Silver Maple SEM 
Control 162 a 90.4 C 87.7 cd 14.1 
Herbicide 116 be 93.8 C 52.1 de 
Mowing 91.4 e 87.7 cd 21.9 ef 
RC 139 ab 93.9 C 13.0 f 
RC/RF 92.7 C 91.9 e 22.4 ef 
RC/OG 106 be 87.0 cd 37.2 ef 
HV 111 be 97.7 C 28.3 ef 
RC = oats and red clover, RC/RF = oats, red clover, and red fescue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed bv the same letter are not statisticallv different at P < 0.05. 
Table AS. Diameter (mm) comparison between fast growing species and treatment in the bottomland location for 1998 and 1999 
Species 
Treatment Crandon Eugenei Silver Maple SEM 
Control 19.1 ghi 32.8 de 13.9 hij 2.56 
Herbicide 35.4 ed 51.2 a 20.5 fgh 
Mowing 24.7 fg 40.4 be 14.3 hij 
RC 24.2 fg 40.8 be 10.8 j 
RC/RF 27.6 ef 43.1 b 12.2 ij 
RC/OG 25.8 efg 36.3 bed 10.6 j 
HV 24.7fg 36.2 bed 10.4 j 
RC = oats and red clover, RC/RF = oats, red clover, and red fescue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed by the same letter are not statistically different at P < 0.05. 
Table A9. Survival (%) comparison between slow growing species and treatment in the upland location for 1998 and 1999 
Species 
1998 1999 
Treatment Black Walnut Red Oak Black Walnut Seed SEM Black Walnut Red Oak Black Walnut Seed SEM 
Control 96.3 a 98.1 a 44.8 C 4.80 82.6 b 111 be 113 ab 20.4 
Herbicide 90.7 ab 92.6 ab 33.3 C 175 a 90.4 b 98.8 b 
Mowing 92.6 ab 96.3 a 41.4 C 108 be 139 ab 163 ac 
RC 81.5 b 96.3 a 31.4 C 122 ab 117 ab 132 ab 
RC/RF 96.3 a 96.3 a 31.9 C 138 ab 98.3 b 114 ab 
RC/OG 92.6 ab 87.0 ab 35.2 C 110 be 111 be 97.0 b 
HV 94.4 ab 94.4 a 41.4 C 110 be 100 b 119 ab 
RC = oats and red clover, RC/RF = oats, red clover, and red fescue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed bv the same letter are not statisticallv different at P < 0.05. 
Table A 10. Height (m) comparison between slow growing species and treatment in the upland location for 1998 and 1999 
Species 
1998 1999 
Treatment Black Walnut Red Oak Black Walnut Seed SEM Black Walnut Red Oak Black Walnut Seed SEM 
Control 0.524 a 0.498 ac 0.323 def 0.0276 0.518 abed 0.532 ab 0.515 abed 0.0426 
Herbicide 0.552 a 0.533 a 0.271 f 0.525 abc 0.398 cd 0.413 bed 
Mowing 0.484 ac 0.441 be 0.385 be 0.465 abed 0.393 d 0.453 abed 
RC 0.514 ae 0.544 a 0.335 def 0.565 a 0.502 abed 0.473 abed 
RC/RF 0.503 ae 0.482 ae 0.359 bd 0.538ab 0.455 abed 0.557 a 
RC/OG 0.543 a 0.528 a 0.350 def 0.547 a 0.513 abed 0.502 abed 
HV 0.487 ac 0.523 a 0.356 de 0.475 abed 0.532 ab 0.467 abed 
RC = oats and red clover, RC/RF = oats, red clover, and red fescue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed by the same letter are not statistically different at P < 0.05. 
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Table A 11. Height growth (%) comparison between slow growing species and treatment in the upland location for 1998 and 1999 
Species 
Treatment Black Walnut Red Oak Black Walnut Seed SEM 
Control -1.94 acd 7.38 be 60.6 f 9.61 
Herbicide -3.33 acd -26.1 a 50.9 ef 
Mowing -1.84 acd -10.8 ac 22.6 bde 
RC 9.75 be -8.12 ac 44.3 ef 
RC/RF 12.0 be -6.31 ac 56.5 f 
RC/OG 1.14 acd -3.16 acd 46.0 ef 
HV -1.50 acd 1.65 acd 35.2 bef 
RC = oats and red clover, RC/RF = oats, red clover, and red fescue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed by the same letter are not statistically different at P < 0.05. 
Table A 12. Diameter (mm) comparison between slow growing species and treatment in the upland location for 1998 and 1999 
Species 
Treatment Black Walnut Red Oak Black Walnut Seed SEM 
Control 6.57 ab 7.20 ab 5.32 a 0.710 
Herbicide 9.37 cd 10.1 d 6.68 ab 
Mowing 6.09 ab 5.43 a 5.27 a 
RC 7.65 be 6.72 ab 6.49 ab 
RC/RF 6.95 ab 6.03 ab 6.97 ab 
RC/OG 7.23 ab 7.47 be 6.17 ab 
HV 6.90 ab 6.80 ab 6.18 ab 
RC = oats and red clover, RC/RF = oats, red clover, and red fescue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed by the same letter are not statistically different at P < 0.05. 
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Table Al3. Survival(%) comparison between slow growing species and treatment in the bottomland location for 1998 and 1999 
-
Species 
1998 1999 
Treatment Black Walnut Red Oak Black Walnut Seed SEM Black Walnut Red Oak Black Walnut Seed SEM 
Control 98.1 a 98.1 a 43.3 C 4.26 113 ab 116 ab 106 ab 13.5 
Herbicide 96.3 a 100 a 45.7 C 83.3 b 95.8 b 100 b 
Mowing 96.3 a 98.1 a 41.4 cd 140 a 104 ab 104 ab 
RC 88.9 ab 98.1 a 29.5 de 107 ab 101 b 109 ab 
RC/RF 83.3 b 100 a 41.0 cd 94.4 b 95.8 b 111 ab 
RC/OG 98.1 a 94.4 ab 35.7 cde 104 ab 105 ab 105 ab 
HV 92.6 ab 96.3 a 24.3 e 83.1 b 108 ab 86.4 b 
RC= oats and red clover, RC/RF= oats, red clover, and red fescue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed bv the same letter are not statisticallv different at P < 0.05. 
Table A14. Height (m) comparison between slow growing species and treatment in the bottomland location for 1998 and 1999 
S1:2ecies 
1998 1999 
Treatment Black Walnut Red Oak Black Walnut Seed SEM Black Walnut Red Oak Black Walnut Seed SEM 
Control 0.548 a 0.494 a 0.376 d 0.0332 0.748 a 0.582 cdefgh 0.732 ag 0.0446 
Herbicide 0.483 a 0.544 a 0.299 bd 0.640 abcdef 0.497 eh 0.708 af 
Mowing 0.538 a 0.550 a 0.332 cd 0.565 fh 0.647 aef 0.477 ch 
RC 0.513 a 0.507 a 0.246 be 0.625 acdef 0.583 cdefgh 0.452 bh 
RC/RF 0.501 a 0.543 a 0.297 bd 0.610 acdef 0.615 acdef 0.720 ag 
RC/OG 0.523 a 0.488 a 0.354 d 0.630 adef 0.610 acdef 0.607 acdef 
HV 0.530 a 0.532 a 0.214 b 0.'527 eh 0.478 dh 0.432 h 
RC = oats and red clover, RC/RF = oats, red clover, and red fescue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed by the same letter are not statistically different at P < 0.05 . 
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Table A 15. Height growth (%) comparison between slow growing species and treatment in the bottomland location for 1998 and 
1999 
Species 
Treatment Black Walnut Red Oak Black Walnut Seed SEM 
Control 38.3 abc 21.9 abc 101 abc 42.5 
Herbicide 33.0 abe -8.44 ab 140 e 
Mowing 4.27 ab 18.2 ab 50.5 abc 
RC 21.8 abe 18.3 ab 87.0 abe 
RC/RF 19.6 abe 13.4 ab 334 d 
RC/OG 21.7 abc 25.2 abc 78.0 abc 
HV -3.43 ab -10.1 b 120 ae 
RC = oats and red clover, RC/RF = oats, red clover, and red fescue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed by the same letter are not statistically different at P < 0.05. 
Table A 16. Diameter (mm) comparison between slow growing species and treatment in the bottomland location for 1998 and 
1999 
Species 
Treatment Black Walnut Red Oak Black Walnut Seed SEM 
Control 8.89 beg 7.85 bdf 7.68 bcde 0.757 
Herbicide 10.8 gh 10.4 gh 12.0 h 
Mowing 7.85 bdf 8.87 beg 5.81 ae 
RC 8.45 be 8.67 beg 6.15 ad 
RC/RF 7.54 bd 8.41 be 9.17 bg 
RC/OG 8.75 beg 8.29 be 7.07 acf 
HV 7.82 bcde 7.97 bdf 5.75 a 
RC = oats and red clover, RC/RF = oats, red clover, and red foscue, RC/OG = oats, red clover, and orchardgrass, HV = oats and hairy vetch 
Treatment means followed by the same letter are not statistically different at P < 0.05. 
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